Since gene expression is controlled on many different levels in a cell, capturing a comprehensive snapshot of all regulatory processes is a difficult task. One possibility to monitor effective changes within a cell is to directly quantify changes in protein synthesis which reflects the accumulative impact of regulatory mechanisms on gene expression. Pulsed stable isotope labelling by amino acids in cell culture (pSILAC) has been shown to be a viable method to investigate de novo protein synthesis on a proteome-wide scale (1, 2). One application of pSILAC is to study the regulation of protein expression by microRNAs. Here, we describe how pSILAC in conjunction with shotgun mass spectrometry can assess differences in the protein profile between cells transfected with a microRNA and nontransfected cells.
Introduction
Measuring how gene expression changes in response to a stimulus can provide instructive insights into biological systems. Gene expression is regulated at all stages from DNA via mRNA to the protein. Most methods exclusively quantify changes in steady state mRNA levels, neglecting posttranscriptional regulatory mechanisms. Here, we describe pulsed stable isotope labelling by amino acids in cell culture (pSILAC) as a method to quantify changes in protein production at a global scale. pSILAC measures the actual output of gene expression and can therefore reveal regulation at all levels. The method is particularly useful to study regulation at the level of translation. As an example, we show how the method can be used to quantify the effect of microRNAs on cellular protein production.
The technology behind pSILAC is mass spectrometry-based proteomics (3). The general workflow is that proteins in a sample are digested into peptides. The resulting peptide mixture is separated by reversed phase liquid chromatography (LC). At the end of the chromatographic column, eluting peptides are directly transferred into the orifice of a mass spectrometer by a process called electrospray ionization (ESI). The mass spectrometer performs two important tasks. First, it measures the masses and intensities of the peptides in the mixture at any given time during the LC run. Second, the device fragments individual peptides and measures masses and intensities of the fragments (tandem mass spectrometry or MS/MS). The information about the masses of the non-fragmented peptides and their fragment spectra can be used to identify the peptides and hence the proteins present in the sample. In addition to identifying peptides and proteins, it is also necessary to quantify changes in their abundance. In mass spectrometry, this is most accurately achieved by stable isotope labelling (4) : Incorporating heavy stable (i.e. non-radioactive) isotopes into peptides leads to a shift in mass. Differentially labelled samples can be combined and analyzed together so that all peptide peaks will occur in pairs. The ratio of peak intensities of such 3 peptide pairs accurately reflects differences in their abundance. In stable isotope labelling by amino acids in cell culture (SILAC) the label is introduced metabolically. Cells are cultivated in growth medium containing heavy-stable isotope versions of essential amino acids (5).
After several cell generations, all proteins have incorporated the heavy label. Mixing heavy and light cells can reveal changes in steady state protein levels between both samples.
pSILAC is a variant of the SILAC approach (1). In contrast to standard SILAC, cells are first cultivated in growth medium with the normal light (L) amino acids. Concomitantly with differential treatment, cells are transferred to culture medium containing heavy (H) or medium-heavy (M) amino acids. All newly synthesized proteins will be made in the H or M form, respectively. Subsequently, both samples are combined and analyzed together. The abundance ratio of H versus M peptides reflects changes in protein production. Thus, pSILAC measures differences in protein synthesis integrated over incubation time of then pulse labelling period. In principle, any essential amino acid can be used for SILAC. We prefer lysine and arginine because the protease trypsin cleaves C-terminal of these residues.
Therefore, all tryptic peptides except for the protein C-terminus contain a label and can be quantified. Heavy and medium heavy lysine (Lys8, Lys4) has a mass shift of eight and four daltons compared to the normal light form (Lys0), respectively. Similarly, we use light (Arg0), medium-heavy (Arg6) and heavy (Arg10) arginine.
pSILAC is particularly useful to quantify changes in protein production induced by microRNAs (2). The protocol described here uses overexpression of short double-stranded RNAs designed to mimic endogenous microRNAs. Note that it is also possible to knockdown endogenous microRNAs, to use cells from microRNA knock-out animals or to quantify protein production in different non-microRNA contexts. The first section describes how samples are prepared by transfecting cells with the microRNA mimic. Separation of proteins by SDS-PAGE is used as an approach to reduce sample complexity in order to achieve 4 deeper proteome coverage. In the second section, mass spectrometry is described for an LTQOrbitrap system. In the last section, we indicate how the raw data can be analyzed to identify and quantify proteins and to investigate microRNA mediated effects. See Fig.1 for an overview of the described technique.
The protocol described here relies heavily on mass spectrometry-based quantitative proteomics. While the overall procedure is straight forward, the success depends on many technical details. Therefore, experience with mass spectrometry and subsequent data analysis is generally required. Alternatively, we suggest getting in touch with an expert lab while planning the project.
Materials
In general HPLC and mass spectrometry require reagents and solvents of the highest High performance mass spectrometer. Ideally, this should be an instrument with high resolving power, high dynamic range, high speed and high sensitivity. We describe the protocol for an LTQ-Orbitrap system (Thermo Fisher).
Processing of mass spectrometry data

Processing of raw data
We use the freely available software package MaxQuant for peptide identification, protein assembly and quantification (6). Alternatively, MSQuant (http://msquant.sourceforge.net/) or other software packages capable of SILAC-based quantification can be used.
Possibilities of data analysis
Among the open or commercial (programming) tools for data analysis, we found R (Bioconductor package) and PERL extremely useful for handling big datasets. Other tools with one main focus are e.g. Sylamer, miReduce, Cytoscape, and STRING. pSILAC preparation of samples for mass spectrometry
Determination of transfection efficiency of BLOCK-iT™ Fluorescent Oligos
As a non-targeted dsRNA oligomer, the BLOCK-iT fluorescent oligo resembles a microRNA and the efficiency of its transfection can be measured via fluorescence microscopy.
Conduct the transfection of cells (on coverslips) for oligos as well as for controls as 
Transfection of cells, labelling and harvest
The transfection is carried out using DharmaFECT1 according to the manufacturer's protocol. In parallel, control transfections of Hela cells for each microRNA sample are done under the same conditions expect for serum-free DMEM replacing the synthetic microRNA.
Using another short dsRNA as a control (for example with scrambled sequence) is generally not recommended because every short dsRNA will have off-target effects on protein production making result interpretation more difficult.
1. Prior to the transfection, cells are cultured in "light" SILAC medium for a week in order to give them time to adjust to these growth conditions. Split the cells every three days and cultivate 37°C with 5% CO2.
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2. Plate the cells one day before transfection on 10cm 2 dishes in "light" SILAC medium and incubate at 37°C with 5% CO 2 overnight. Confluence at the time of transfection should be 60-70% (see Note2).
3. Add 300µl microRNA (2µM; final plating concentration of 100nM) to 300µl serumfree DMEM and incubate for 5min at RT. Mix gently.
4. Add 16µl DharmaFECT1 to 584µl serum-free DMEM and incubate for 5min at RT.
Mix gently. 
Lysis and SDS-PAGE
Resuspend cell pellets in 250-400µl RIPA buffer and lyse for 20min on ice with occasional vortexing. After centrifugation (14,000 rpm for 10min in a microfuge at 4°C)
transfer the supernatant to a fresh microtube. If the supernatant appears to be viscous, this is due to DNA. To reduce viscocity, employ Benzonase. This step functions mainly to make sure that the gel ran smoothly and enough protein has been loaded. Loading the same sample twice on two separate lanes to have enough protein for in gel digestion is possible as well.
In gel protein digestion
All steps before the trypsin digestion step should be performed under a flow hood. Use extreme care not to contaminate samples with keratin from skin or other contaminants (see Note3). The samples should always be incubated using a microtube shaker. Prior to the gel extraction step, the supernatants are discarded at each step. Use enough solution to cover the gel slices. Washing can be done with an excess of solution (around 500µl) whereas extraction 13 solutions generally should not exceed 300µl to contain sample volume for evaporation.
Unless stated otherwise all step are done at RT.
Cut the gel into 12 slices on a clean plastic foil. Chop each slice into smaller pieces (approx. 1 x 1 mm) and place the pieces of one slice in a clean 1.5ml microtube (see Note4).
Cutting and transferring slices is easier with a gel that is neither too dry nor too wet.
When possible, it is best to cut out individually stained bands. However, for regions of low protein content where individual proteins are not clearly discernable, one can Dehydrate the gel pieces by incubating for 10 min in absolute EtOH.
Dry the samples in a speed-vac for 10-15 min until the gel pieces are bouncing in the tube (see Note6). Samples can be stored at 4°C for several days at this point.
Rehydrate the gel pieces and reduce the proteins by incubating for 45-60 min in DTT solution at 56 °C. Discard all the liquid afterwards.
Block free sulphydryl groups by incubating for 45 min in iodacetamide at RT in the dark.
Wash gel pieces once with ABC for 20 min at RT.
Dehydrate the gel pieces by incubating for 10 min in absolute EtOH.
Remove remaining ethanol from gel pieces by vacuum centrifugation. Samples can be stored at 4°C for several days at this point. pipette tip using a blunt-ended syringe needle (Fig.2) . Ensure that the discs are securely wedged in the bottom of the tip. 
Mass spectrometry of the samples
While sample preparation for shotgun mass spectrometry can be done in almost every wet lab, setting up the resources for both mass spectrometry itself and subsequent data analysis requires investment in machines and computing power as well as expertise in handling both.
The following protocol can thus provide the rough outlines of sample processing after in gel digestion. The analysis is performed using liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS). Peptides are separated on a nano-flow HPLC system. At the end of the column they are directly ionized and transferred to the mass spectrometer. The mass spectrometer determines masses and intensities of the eluting peptides during the gradient 16 (MS). In addition, it isolates individual peptides for fragmentation and records their fragment spectra. Ideally, the machine should be able to fragment all peptides eluting from the column.
However, due to limited dynamic range, sensitivity and speed, only a fraction of peptides are picked in each run. Measuring every sample twice alleviates undersampling.
1. Analyze the eluted samples via LC-MS/MS on a high performance mass spectrometer (LTQ-Orbitrap). Coupled to the LTQ-Orbitrap a HPLC nano-flow system (for example Eksigent) separates peptides by reversed phase chromatography on C 18
columns directly connected to the electrospray ion source.
2. Inject each sample twice with an injection volume of 6µl and a 150 min flow gradient ranging from 10 to 60% acetonitrile in 0.5% acetic acid at a flow rate of 250 nl/min.
There are several alternative gradients that can be used at this point. Supervision by a scientist experienced in LC-MS/MS is recommended.
3. The Orbitrap performs precursor ion scan/survey MS spectra (m/z range of 300-1700;
resolution R = 60,000; target value of 1 x 10 6 ; profile mode). For MS/MS isolate five to ten of the most intense peaks (monoisotopic precursor selection enabled; charge state ≥ 2; target value 5,000), fragment via collision induced dissociation (normalized collision energy 35%; wideband activation enabled; centroid mode) in the LTQ part of the LTQ-Orbitrap and exclusion selected peptides using dynamic exclusion (duration 60 seconds, exclusion list size 500). For an example of a full MS scan showing a SILAC triplet see Fig.3 . .
Processing of mass spectrometry data
Pre-processing of raw data
While there are different ways to process the obtained spectra we employ the MaxQuant software package. This package consists of several modules with adjustable parameters. In most cases, the default parameter settings can be used. More information about MaxQuant can be found online (www.maxquant.org).
Settings for Quant are Arg6 and Lys4 as "medium-heavy", Arg10 and Lys8 as "heavy" labels with maximum of three labelled amino acids per peptide. For peptide and protein identification we normally require of at least two identified peptides per protein group in total, one of them being unique in the database. The minimum peptide length is set to six amino acids. Quantification is done only for protein groups with at least two ratio counts. A more conservative analysis uses only 18 proteins with three ratio counts as the median of three peptide ratios is outlierrobust. With the protocol described here it should be possible to identify at least 4000-5000 and to quantify 3000-4000 proteins per sample
Possibilities of data analysis
Besides Make sure the confluence of cells does not exceed 70% at the time of transfection; in order to sufficiently SILAC label long-lived proteins the cells need to be able to further grow after transfection in order to incorporate the labelled amino acids.
While in gel digestion is not very error prone it is crucial to avoid contaminants because they will be predominant in the mass spectrometry spectra. Therefore work under the hood and make sure all surfaces are clean. Do not work over open microtubes.
We use the inner lining of small autoclaving waste bags for cutting the gel but any clean plastic foil will do.
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A good rule for cutting the gel is to keep regions with a thick distinct protein band in a single slice while pooling regions of lower protein content where you don't see clearly distinguished protein bands. In general you can cut the gel into as many pieces as you like but keep in mind that each slice prolongs measuring time. Accordingly, you may not necessarily get better results from increasing the number of gel slices.
Be careful when handling the gel cubes in the microtubes; especially after speed-vac evaporation they are prone to "jump" from the tube.
For elution from stage tips we recommend to use a 20 or 50ml syringe. P ush out the sample by hand by sticking the tip on top of the syringe; do not elute too fast but rather in slow drops in order to elute most peptides on the column.
Be careful when diluting the final sample in the autosampler plate. You will need a few more µl of sample than is actually injected because of the HPLC settings. Yet, since the sample is contained in a very small volume at that time, every added µl of buffer A will lead to a strong dilution of the sample. For good MS results you should keep the sample as concentrated as possible.
Fig1: Experimental setup of the method described in this chapter. Cells were cultivated in "light" (L) SILAC medium and subsequently mock-(control) or microRNA transfected.
Pulse labeling was conducted after 8h hours by transferring the control samples to "heavy" (H) and the microRNA transfected samples to "medium-heavy" (M) SILAC medium. 24h
later, cells were harvested and combined. Sample preparation of both control and microRNA samples together ensures identical processing and comparability. Only M and H peaks represent newly synthesized proteins in the following mass spectrometry of the sample.
Changes in protein production are reflected in the H/M ratio of peptide intensity peaks. 
